
WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Inlemallonal Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER TOE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ 
D21F 1/02 



Al 



(11) International Publication Number: WO 97/47804 

(43) International Publication Date: 18 December 1997 (18.12.97) 



(2J) International Application Number: PCT/SE97/00921 
(22) International Filing Date: 29 May 1997 (29.05.97) 



(30) Priority Data: 
9602347-8 



12 June 1996(12.06.96) 



SE 



(71) Applicant: VALMET-KARLSTAD AB ISE/SE); P.O. Box 

1014, S-651 15 Karlstad (SE). 

(72) Inventors: HARALDSSON, N., Ulf. A.; Krokiga gatan 10. S- 

654 63 Karlstad (SE). LINDEN. Anders, T.; HcWksgatan 
2C S-652 29 Karlstad (SE). KLERELID, Ingvar, B., E.; 
Solviksgatan 3. S-653 42 Karlstad (SE). TORNEFALK, 
Louise. M.; Atlkantsgatan 12B, S-652 20 Karlstad (SE). 

(74) Agent: ANDR6n, Bcrtil; Valmet-Karlstad AB, Patent Dept., 
P.O. Box 1014. S-651 15 Karlstad (SE). 



(81) Designated States: BR. CA, JP, KR. European patent (AT. BE. 
CH. DE, DK. ES, FI, PR. GB. GR. IE. IT. LU. MC. NL. 
PT, SE). 



Published 

With international search report. 

Before the expiration of the lime limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) rule: A MULTILAYER HEADBOX FOR A PAPERMAKING MACHINE 




(57) Abstract 

A multilaver hcadbox for a papermaking machine which comprises a slice chamber having an upstream inlet and a downstream 
outlet A mli banVcomp^^ a pTu^lity of straight tubes is located upstream of the slice chamber. In the shce chamber, at least one 
nine JTd? s^pltrv^ar:: is'sul^ividin'g the sliJ chamber for the production of multilayered ^^°rJc^l:^^<s7SZ::^:. 'Z^^ 
a tapered glass fiber reinforced epoxy resin vane or composed of an upstream steel section of constant thickness and a downstream tapered 
J^ofetL^^^^toLi epoxy resin. The separator vane has a stiffness, which for at least 70 % of us length .s higher than the 
Sness of'iTmm tll^c^^^ of a material having a modulus of elasticity of 2100 MPa. In the sl.ce chamber, thert .s also a 

plurality of machine-wide turbulence generating elements. 
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A MULTILAYER HEADBOX FOR A PAPERMAKING MACHINE 

FIELD OF THE INVENTION 
The present invention relates to a multilayer headbox for ejecting stock into a forming 
5 section of a papermaking machine for foming a fibrous web. 

BACKGROUND OF THE INVENTION 
In the art of papermaking, stock is ejected from a slice chamber of a headbox into a 
forming section of a papermaking machine. The forming section may comprise a single 

10 forming fabric, a forming fabric in combination with a felt, or a pair of forming fabrics. In 
the forming section, water drains from the stock through a forming fabric so that a fibrous 
web is formed. In order to produce a fibrous web having several layers, it is a common and 
well-known practice to employ, in the headbox. machine-wide separator vanes that divide the 
slice chamber into separate sections such that through each section, stock may be passed 

15 which is of a composition different from the composition of the stock being passed through an 
adjacent section. For example, one section may be used for the passage of stock containing 
short fibers, while an other section may be used for the passage of stock containing long 
fibers. 

During the forming of a fibrous web, it is important that flocculation is avoided and that 
20 the web will get a unifomi basis weight profile. When a fibrous web having several layers is 
produced, it is important that the web has a good and uniform layer purity and a good 
coverage. In the context of this appUcation. layer purity should be understood as the degree to 
which the separate layers of the fibrous web are able to retain their respective composition, 
i. e. the degree to which mixing of the layers is avoided, while coverage should be understood 
25 as the degree to which each layer of the fibrous web has a uniform basis weight in the cross 
machine direction. If the formed web has a poor coverage, this will have an adverse effect on 
the uniformity of the layer purity, which will render the operation of the papermaking machine 
more difficult since a uniform layer purity is required during subsequent pha-ses of the 
papermaking process, e. g. during creping when the creping doctor will be adjusted in 
30 accordance with the surface properties of the fibrous web on the side adhering to the drying 
cylinder. It is also a common practice that chemicals are added to the process in order to 
facilitate creping and the quantity and composition of the chemicals will depend on the surface 
qualities of the fibrous web. A web of non-uniform layer purity will render impossible an 
optimization of the papermaking process since adjustment of the creping doctor and the adding 
35 of chemicals will depend on the surface qualities of the fibrous web. Furthermore, it is 

desirable that the paper web should have a uniform strength across the web (i. e. in the cross 
machine direction) and a web having poor coverage will not be of uniform strength across the 
web. Therefore, there is a need for a multilayer headbox which is able to produce a 
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multilayered web which has a good and uniform layer purity and a good coverage and which 
is also free of flocculations and has a uniform basis weight. 

SUMMARY OF THE INVENTION 
5 The object of the invention is to provide a multilayer headbox, which is able to produce 

a layered fibrous web that has a good and uniform layer purity and that is free of flocculations 
and has a uniform basis weight. The object of the invention is attained by the present 
invention which is directed to a multilayer headbox for a papermaking machine. The headbox 
comprises a slice chamber which has an upstream inlet where stock is intended lo enter the 
10 slice chamber and a downstream outlet through which stock is intended to pass from the slice 
chamber to a subsequent forming section of the papermaking machine. The slice chamber has 
an intended straight main dirertion of flow of the stock from the inlet of the slice chamber to 
the outlet of the slice chamber. The slice chamber has a top wall, a bottom wall and two side 
walls. The top and bottom walls converge in the straight main direction of flow of the stock 
15 through the slice chamber. The headbox further comprises a tube bank located upstream of 

the slice chamber in the direction of flow of the stock. The tube bank comprises a plurality of 
straight tubes. The tubes of the tube banks are arranged in vertically spaced tube bank 
sections such that each tube bank section in the tube bank is arranged to feed stock 
exclusively intended for one layer of the fibroas web to be formed. In each tube bank seaion, 
20 the tubes are arranged in vertically spaced rows, the rows extending in a cross machine 

direction. The tube bank can thus be described as comprising a plurality of straight tubes 
where the tubes are arranged in separate vertically spaced rows. Each tube has an upstream 
inlet end and a downstream outlet end from which stock is intended to pass into the inlet of 
the slice chamber such that the tube bank with its tubes forms a passage through which stock 
25 is intended to pass from the upstream inlet end of the tubes to the inlet of the slice chamber. 
The passage has a straight main direction of flow of the stock which coincides with the 
intended straight main direction of flow of the stock in the slice chamber so that all the way 
from the upstream inlet end of the tubes lo the downstream outlet of the slice chamber, the 
stock will flow in one and the same straight main direction of flow. 
30 According to the invention, the headbox comprises at least one. but possibly two or 

three, machine-wide separator vane or vanes in the slice chamber. The separator vane (or 
vanes) subdivides the slice chamber such that a multilayered fibrous web may be formed. The 
separator vane (or vanes) has an upstream end and a downstream end and extend in the 
intended direction of flow of the stock and has a thickness in the vertical dimension. At the 
35 inlet to the slice chamber, interposed between the vertically spaced tube bank sections in the 
tube bank, elongate ledges are provided that extend in a cross machine direction and connect 
the tube bank sections to each other. The upstream end of the separator vane (or of each 
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separator vane) is fastened to one of the elongate ledges interposed between the vertically 
spaced tube bank sections in the tube bank. 

In accordance with the invention, the headbox further comprises, in the slice chamber, a 
plurality of machine-v/ide turbulence generating elements extending in the direction of flow of 
5 the stock. Each turbulence generating element has an ujKtream end and a downstream end. 
The upstream end of each turbulence generating element is interposed between the vertically 
spaced rows of tubes in a tube bank section and fixed between the rows. The turbulence 
generating elements can be realized in the form of vanes with uneven, i. e. rough surface but 
the inventors have found that also vanes with a smooth surface will have a tuibulence 
10 generating effect which is sufficient for the purpose of the invention. 

According to an important aspect of the invention, the separator vanes are made to have 
a certain minimum stiffness in the cross machine direction for at least 7/10 of the length of the 
separator vane. The stiffness of the separator vane, is chosen to be on average at least 36 Nm 
and on at least , 7/10 of the length of each separator vane, at least 7 Nm. In tests carried out 
15 by the inventors, it was found th^ the separator vane (or vanes) should have an average 

stiffness which is at least. 180 times higher than the stiffness of a 1 mm thick reference sheet 
or reference plate of a material having a modulus of elasticity of about 2100 MPa and that for 
at least 7/10 of the length of the vane (or vanes), the stiffness should be at least 35 times 
higher than for the reference sheet or reference plate. 
20 In a preferred embodiment of the invention, the separator vane (or separator vanes) is a 

homogenous element made of glass fiber reinforced epoxy resin and is tapered all the way 
from its upstream end to its downstream end such that its thickness decreases continuously 
from its upstream end to its downstream end. 

In an other embodiment of the invention, the separator vane (or vanes) is divided into an 
25 upstream section of constant thickness in the vertical dimension and a downstream section 

which is tapered such that its thickness decreases in the direction of flow of the stock. In that 
embodiment, the upstream section will have an upstream end which is the same as the 
upstream end of the separator vane and a downstream end to which the downstream section is 
fixed. In the same way, the downstream section will have an upstream ,end fixed to the 
30 upstream section of the separator vane and a downstream end which is the same as the 

downstream end of the separator vane. At the point where the upstream section is fixed to the 
downstream seaion, i. e. at the transition between the upstream section and the downstream 
section, there is a machine-wide step due to the fact that at the point where the upstream 
section is fixed to the downstream section, the downstream section has a thickness in the 
35 vertical dimension which is less than the thickness in the vertical dimension of the upstream 
section. The upstream section might be of steel while the downstream section is preferably of 
glass fiber reinforced epoxy resin. 
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In that embodiment of the invention where the separator vane(s) is a homogenous 
element tapered all the way from its upstream end to its downstream end, the separator vane(s) 
has a surface smoothness, or value, which is smaller than or equal to 0.4 p.m. 

In the embodiment of the invention where the separator vane(s) is divided into an 
5 upstream section and a tapered downstream section, the tapered downstream section has 
surface smoothness, or value, which is smaller than or equal to 0.4 |im. 

In both embodiments of the invention, the thickness in the vertical dimension of the 
separator vane is less than 0.7 mm at the downstream end of the separator vane{s). Preferably, 
the thickness in the vertical dimension should be about 0.5 mm. At the downstream end of 
10 the separator vane, the thickness in the cross machine direction will of course be subject to a 
degree of variation. The inventors have found that the thickness at the downstream end should 
not vary more than 0.05 mm. When the thickness of the separator vane is chosen to be 0.5 
mm, this will therefore result in a separator vane which, at its downstream end, has a thickness 
of 0.5 mm ± 0.05 mm or 0.45 mm - 0.55 mm. 
15 Providing a separator vane, or separator vanes, having a surface smoothness which is, at 

least at a downstream end of the separator vane(s), smaller than 0.4 jim and having a thickness 
at its downstream end which is less than 0.7 mm contributes to the achievement of a good 
layer purity. With regard to layer purity, it can be desirable to make the downstream end of 
the separator vane (or vanes) even thinner. However, the inventors have found that when the 
20 tip of a vane (the downstream end of the vane) is thinner than 0.5 mm, this makes the tip to 
weak and to likely to be broken by fatigue. Therefore, the inventors have found that a 
thickness of about 0.5 mm is preferable. In order to achieve that the layer purity will also be 
uniform, it is necessary that the formed web will also have a good coverage. 

The inventors have found that the following features will contribute to the achievement 
25 of a good coverage: 

A) The passage formed by the tube bank has the same main direction of flow of the 
stock as the slice chamber such that, all the way from the inlet of the tubes in the tube bank to 
the outlet of the slice chamber, the stock will be able to flow in one and the same main 
direction of flow. 

30 B) The slice chamber comprises turbulence generating elements. 

C) The separator vane (or vanes) are stiff in the cross machine direction. 

D) The thickness variation of the separator vane at its downstream end is no more than 
0.05 mm. 

The inventors have found that when the headbox is formed as a straight flow headbox. 
35 i. e. when the stock flows in one and the same main direction of flow all the way from the 
inlet end of the tubes in the tube bank to the outlet of the slice chamber, this will have an 
advantageous effect on the coverage of the subsequently formed fibrous web and that this 
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advantageous effect can be reinforced by providing turbulence generating elements in the slice 
chamber. 

Headboxesareknown. eg. from U.S. Patent No. 4,941,950 (Sanford), where the stock 
is forced to change its direction of flow when it enters the slice chamber. The inventors of the 

5 present invention have recognized that such a design will have a disadvantageous effect on the 
coverage of the fibrous web and therefore, the inventors have designed the headbox of the 
present invention as a straight flow headbox such that the stock will not change its direction of 
flow as it enters the slice chamber. 

The inventors have also found that, in order to obtain a good coverage, the separator 

10 vane, or separator vanes, should be stiff in the cross machine direction. The inventors have 
found that one important cause for poor coverage is insufficient stiffness of the separator 
vane(s) in the cross machine direction. If the stiffness of the vane(s) in the cross machine 
direction is insufficient, this may cause flexing of the vane(s) such that, in the cross machine 
direction, the layers of the subsequently formed web will not have a uniform basis weight in 

15 the cross machine direaion. i. e. the coverage will be poor. It is also desirable that the 

stiffness in the machine direction is high if a fibrous web which is uniform in the machine 
direction is to be obtained. The separator vanes employed in the present invention are of such 
a design that their thickness decreases towards the tip of the vanes, i. e. the thickness of a 
vane is less at the downstream end of the vane than at the upstream end of the vane. For this 

20 reason, the stiffness of the vane is not uniform. Instead, the stiffness of each vane decreases 
towards the downstream end of the vane. Therefore, the stiffness of a separator vane 
according to the present invention has to be calculated at different locations of the vane. 
Bending stiffness per meter length of a plate having a thickness h, a modulus of elasticity £, 
can be calculated according to the formula 

25 S =Eh'/12(l-\r) 

where S is stiffness and v is the Poisson ratio. This is the stiffness definition which is used in 
the context of this patent application. For steel, the Poisson ratio will normally be about 0.3 
while for glass fiber reinforced resin, the Poisson ratio can be given as about 0.15. The 
stiffness is thus proportional to the product of the modulus of elasticity and the plate thickness. 

30 The invention has two different embodiments and in both embodiments, the material or 

materials used for the separator vane (or separator vanes) is isotropic in the sense that it has 
the same properties in both the machine direction and the cross machine direction (but not 
necessarily in the vertical dimension). Therefore, the stiffness of a separator vane, such as 
stiffness is defined in the comext of this application, will be the same in both the machine 

35 direction and the cross machine direcuon. One way of increasing the stiffness is to increase 
the thickness of the vane(s). However, at the downstream end of the vane(s), the thickness of 
the vane(s) must be small, preferably less than 0.7 mm and preferably about 0.5 mm, in order 
to obtain good layer purity. However, the inventors have found that it is sufficient that an 
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upstream part of the separator vane(s) is of high stiffness and that if only the downstream end 
of the separator vane(s) is of a smaller stiffness, the relatively small stiffness of the 
downstream end of the separator vane(s) will not be able to cause any significant reduction of 
the good coverage of the fibrous web. It is to be noted that in both embodiments of the 

S invention, the material or materials used for the separator vane (or vanes) is isotropic in the 
sense that it has the same properties in both the machine direction and the cross machine 
direction. For this reason, the stiffness at any given location along the length of a separator 
vane, as stiffness is defined in the context of this application, will be the same in both the 
machine direction and the cross machine direction. 

10 In tests carried out by the inventors, different separator vanes have been compared with 

a 1 mm thick reference sheet or reference plate of a polycarbonate material having a modulus 
of elasticity of about 2100 MPa. The Poisson ratio of the material used for the reference sheet 
was about 0.3. The stiffness of the reference sheet, as stiffness is defined in the context of 
this patent application, is the same from the upstream end to the downstream end and can be 

15 calculated as being 2)00 MPa * (0,OOIm)'/ 12(1 - 0.3^) = 0.2 Nm. 

The tests carried out by the inventors showed that when the 1 mm thick reference sheet 
was used as a separator vane, the formed fibrous web had unsatisfactory coverage. However, 
the inventors found that satisfactory results with regard to coverage can be obtained when the 
separator vane(s) has a stiffness in the cross machine direction which, for at least 7/10 (70%) 

20 of its length is at least 35 times greater than the stiffness of a 1 mm thick reference sheet of a 
polycarbonate material having a modulus of elasticity of about 2100 MPa. The vanes that 
where found to give satisfactory results with regard to the coverage of the formed fibrous web 
had an average stiffness which was at least 180 times higher than the stiffness of the reference 
sheet. 

25 The expression "average stiffness" should here be understood as the stiffness value 

which is obtained by choosing at least 1 1 points on the separator vane evenly spaced from 
each other in the machine direction, adding the stiffness values of the different points and 
dividing the resuh by the number of points. The expression "for at least 7/10 of its 
length....35 times greater than a 1 mm thick reference sheet of a material having a modulus of 

30 elasticity of about 2100 MPa" should here be understood as meaning that the stiffness at the 
upstream end of the separator vane(s) is much higher than a 1 mm thick sheet (or plate) of a 
pwlycarbonate maieriaJ having a modulus of elasticity of about 2100 MPa and that the stiffness 
gradually decreases towards the downstream end of the separator vane(s) but that for at least 
7/10 (70%) of its length, the vane(s) has a stiffness at least 35 times greater than a 1 mm thick 

35 reference sheet (or reference plate) of a polycarbonate material having a modulus of elasticity 
of about 2100 MPa so that no more than 3/10 of the separator vane, at the downstream end of 
the separator vane, has a stiffness less than 35 limes that of a 1 mm thick reference sheet of a 
polycarbonate material having a modulus of elasticity of about 21(X) MPa. 
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In the first and preferred embodiment of the invention, a separator vane (or separator 
vanes) is used which is tapered such that its thickness decreases linearly from its upstream end 
to its downstream end. Preferably, the material used for this vane is an isotropic glass fiber 
reinforced epoxy resin having a modulus of elasticity of 25,000 MPa. At the root (the 
5 upstream end) , this vane may have a thickness of 3.8 mm. The thickness gradually decreases 
towards the tip (the dovwistream end of the vane) where the thickness will be about 0.5 mm. 
For the material chosen, the Poisson ratio is 0.15. The stiffness at the upstream end of this 
vane will be, as stiffness is defined in the context of this applicaion (S = EhW]2(I-\r), 
25000 MPa * (0,0038 m)Vl2(l - 0.15') = 1 17.2 Nm. Towards the downstream end of the 
10 separator vane, the stiffness gradually decreases but for 7/10 (70%) of the length of the 
separator vane, the stiffness is at least 7 Nm and thus at least 35 times higher than the 
stiffness of the 1 mm thick leference sheet. The average stiffness in this case will be about 36 
Nm and thus at least 180 limes higher than the stiffness of the 1 mm thick reference sheet. 
This choice of stiffness value for the separator vane{s) significantly contributes to the 
15 achievement of a good coverage of the subsequently formed fibrous web. 

In that embodiment of the invention where the separator vane(s) is composed of two 
separate sections, the upstream section will have a substantially constant stiffness all the way 
from the upstream end of the vane(s) to the point where the downstream section of the 
separator vane(s) is fastened to the upstream section. The downstream section will then have 
20 a gradually decreasing stiffness. The upstream section of constant thickness may be of steel 
and have a modulus of elasticity of 203,000 MPa and a thickness of about 12 mm. The 
Poisson ratio (v) in this case is about 0.3. The length of the upstream steel section may be 
around 500 mm. The stiffness of this section, as stiffness is defined in the context of this 
patent application, can thus be calculated according to the formula S = E*h' /]2(}-v) as being 
25 32123 Nm. The downstream secuon has a linearly decreasing thickness which goes from 3.8 
mm at its upstream end to about 0.5 mm at its downstream end. The material chosen for the 
downstream section is glass fiber reinforced epoxy resin having a modulus of elasticity of 
25000 MPa and the Poisson ratio (v) is about 0.3. The length of the downstream section may 
be around 330 mm, giving the separator vane a total length of 830 mm. The stiffness of the 
30 upstream end of the downstream section, as stiffness is defined in the context of this patent 
application, can be calculated as being 1 17.2 Nm. For at least 7/10 of its length, the stiffness 
of this separator vane will be at least 57 Nm and therefore more than 280 limes stiffer than the 
1 mm thick reference sheet. The average stiffness will be about 20449 Nm and therefore 
much more than 180 times higher than the stiffness of the reference sheet. In this embodiment 
35 of the invention, the machine-wide step at the transition between the upstream section of the 
separator vane(s) and the downstream section of the vane(s) will also contribute to the 
achievement of good coverage. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross sectional view of a headbox according to one embodiment of the 
present invention. 

FIG. 2 is a cross sectional view similar to FIG. I showing in greater detail parts of a 
5 headbox according to a second embodiment of the invention. 

FIG. 3 is a cross seaional view of a multllayered fibrous web having good layer purity 
and good coverage. 

FIG. 4 is a cross sectional view of a raultilayered fibrous web having a poor layer 
purity. 

10 FIG. 5 is a cross sectional view of a multilayered web having good layer purity but poor 

coverage. 

FIG. 6 shows a comparative study of the stiffness of two different separator vanes 
compared with the stiffness of a 1 mm thick reference sheet of a material having a modulus of 
elasticity of about 2100 MPa. 
15 FIG. 7 is a cross sectional view showing a separator vane according to a preferred 

embodiment of the invention. 

FIG. 8 is a cross sectional view showing a separator vane according to a second 

embodiment of the invention. 

FIG. 9 is a cross sectional view similar to FIG. 1 showing in greater detail some parts of 

20 the slice chamber. 

DETAILED DESCRIPTION OF THE INVENTION 
With reference to FIG. 1, a headbox 1 is shown. The headbox has a slice chamber 2 
which is limited by a top wall 3 and a bottom wall 4 and a pair of side walls (not shown). 
25 The slice chamber has an upstream inlet 5 and a downstream ouUet 6 and during operation. 

the stock will pass from the inlet 5 to the outlet 6 such that the slice chamber can be described 
as having an intended straight main direction of flow from the upstream inlet 5 to the 
downstream outlet 6. Upstream of the slice chamber in the intended direction of flow of the 
stock, there is a tube bank 18. The tube bank 18 comprises several sections 7, 8, 9 of tubes 

30 that are vertically spaced from each other. Each tube bank section in the tube bank comprises 
a plurality of straight tubes 10, 11, 12, 13. 14. 15 and the tubes. in each tube bank seaion are 
arranged in separate vertically spaced rows, the rows extending in a cross machine direction. 
Each tube has an upstream inlet end 16 through which stock is intended to enter the tube and 
a downstream outlet end 17 through which stock is intended to pass into the slice chamber ai 

35 the inlet or inlet end 5 of the slice chamber 2. The tube bank 18 with its tubes thus forms a 
passage through which stock is intended to pass from the upstream inlet end of the tubes to 
the inlet of the slice chamber 2 and into the slice chamber 2. The passage constituted by the 
tube bank 18 has a straight main direction of How which coincides with the straight main 
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direction of flow of the stock in the slice chamber or. in other words, when the stock leaves 
the tube bank 18 and enters the slice chamber 2, the stock will not change its direction of flow 
(the flow of stock will, of course, converge but the main direction of flow will remain 
unchanged). The stock will thus flow in one and the same main direction of flow all the way 
5 from the upstream inlet end of the tubes in the tube bank to the downstream outlet of the 
nozzle chamber. The inventors have found that the straight flow of the stock all the way 
through the tube bank and the slice chamber contributes to a good coverage of the fibrous web 
and thereby also to a greater uniformity of the layer purity such that the formed fibrous web 
will have a cross section similar to the one indicated in FIG. 3. In FIG. 3, a cross section of a 
10 3-layered paper web is shown where the top and bottom layers may consist of short fibers 
while the middle layer may consist of long fibers. If the stock is instead forced to change its 
direction of travel as it enters the slice chamber, this will tend to result in a fibrous web of 
inferior coverage such that the formed fibrous web will have a cross section similar to the one 
indicated in FIG. 5. As can be seen in FIG. 5, the layers are well separated but each layer 
15 does not have a uniform basis weight. FIG. 4 shows a cross section of a paper web where the 
layers are mixed together with each other such that layer purity is poor. 

At the inlet of the slice chamber 2, interposed between the vertically spaced rows of 
tubes in the tube bank and conneaing the tube rows to each other, the headbox is provided 
with elongate ledges 19 that extend in a cross machine direction. The elongate ledges 19 
20 make possible the attachment of machine-wide separator vanes 20, 21 that subdivide the slice 
chamber into .separate channels for the production of a multilayered fibrous web. In HG. 1 . 
two separator vanes are shown but it is to be understood that the invention could equally well 
be applied to a headbox having only one separator vane or possibly three separator vanes. 
The separator vanes 20, 21, extend in the intended direction of flow of the stock and each of 
25 the machine-wide separator vanes 20, 21 has an upstream end 22 and a downstream end 23 
and the upstream end of each separator vane is fastened to one of the elongate ledges 
interposed between the vertically spaced rows of tubes in the tube bank 18. 

According to the invention, the separator vanes are given a stiffness which is, on 
average, at least 36 Nm and which is , on a part of the separator vane stretching from the 
30 upstream end of the separator vane up to at least 7/10 (70 %) of the length of the sepaiator 

vane, has a stiffness which is at least 7 Nm. The separator vanes will thereby have a stiffness 
which is, on average, at least 180 times greater than a 1 mm thick reference sheet or reference 
plate of a polycarbonate material having a modulus of elasticity of 2100 MPa and which, on a 
part of the separator vane stretching from the upstream end of the separator vane up to at least 
35 7/10 of the length of the separator vane, has a stiffness in the cross machine direction which is 
at least 35 times greater than the stiffness of a 1 mm thick reference sheet or reference plate of 
a polycarbonate material having a modulus of elasricity of 2100 MPa. 
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In the preferred embodiment of the invention, each separator vane is made of glass fiber 
reinforced epoxy resin having a modulus of elasticity of about 25,000 MPa and has a thickness 
calculated to resuh in an average stiffness of the separator vane in the cross machine direction 
which is at least 180 times higher than the stiffness of a 1 mm thick reference sheet of a 
5 polycarbonate material having a modulus of elasticity of 2100 MPa and a stiffness which , 
from the upstream end of the separator vane over at least 7/10 (70%) of the length of the 
separator vane, is at least 35 times higher than the stiffness of a 1 mm thick reference sheet 
(or reference plate) of a polycarbonate material having a modulus of elasticity of 2100 MPa. 
With reference to FIG. 6, a comparative stiffness study between a 1 mm thick reference 
10 sheet of a polycarbonate material having a modulus of elasticity of 2100 MPa and two 

different separator vanes in accordance with the present invention is shown. In FIG. 6, curve 
1 shows (as a reference) the stiffness of a 1 mm thick reference sheet (or reference plate) of a 
polycarbonate material having a modulus of elasticity of 2100 MPa while curve 2 shows the 
stiffness of a tapered separator vane of glass fiber reinforced epoxy resin according to the 
15 preferred embodiment of the present invention as compared to that of the 1 mm thick 

reference sheet. The average value of the stiffness is, in this case, about 36.2 Nm and thus 
about 181 times higher than the reference value of the 1 mm thick reference sheet of a 
polycarbonate material having a modulus of elasticity of 2100 MPa and has, for 7/10 of the 
length of the vane, a stiffness of at least 7.1 Nm and thus 35.5 times higher than the stiffness 
20 of a 1 mm thick reference sheet of a polycarbonate material having a modulus of elasticity of 
2100 MPa. In this embodiment of the invention, the separator vane has a thickness at its 
upstream end of approximately 3.8 mm. The thickness decreases linearly towards the 
downstream end of each separator vane, the length of which may be on the order of 800 - 850 
mm, (the inventors envisage that 830 mm is a suitable choice of separator vane length) and at 
25 the downstream end of the vane, the thickness will be on the order of approximately 0.5 mm. 
The inventors have fourid that, in order to achieve good layer purity, the thickness of the 
vanes should not exceed 0.7 mm at the downstream end of the separator vanes. The inventors 
envisage thai the thickness at the downstream end may be around 0.5 mm and that the 
variation in the thickness should be no greater than 0.05 mm. The thickness is chosen to be 
30 lower than 0.7 mm in order to achieve a good layer purity. In order to ensure that the service 
life of the vanes is not unduly short, a thickness of about 0.5 is preferred. With regard to the 
coverage, it is preferable that the thickness variation is no greater than 0.05 mm. The material 
used for the separator vanes is isotropic in the sense that it has the same mechanical properties 
in both the machine direction and the cross machine direction. Jt is to be noted that the 
35 mechanical properties in the vertical dimension are not necessarily the same as in the machine 
direction and the cross machine direction. The material used is therefore not necessarily 
isotropic in the sense that it has the same mechanical properties in all directions. 
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With reference to FIG. 2, and FIG. 8, a second embodiment of the invention is shown. 
In this embodiment of the invention, each separator vane is composed of a machine-wide 
upstream section 31 and a machine-wide downstream section. The upstream section 31 has an 
upstream end which is the same as the upstream end of the separator vane itself, and a 
5 downstream end 33 to which the downstream section 29 is fixed. The upstream section is 
composed of a steel plate of constant thickness while the downstream section 29 is made of 
glass fiber reinforced epoxy resin. The steel plate has a modulus of elasticity of 203,000 MPa 
and its thickness is 12 mm. The stiffness of the upstream section, as stiffness is defined in the 
context of this application, can thus be calculated as being 32123 Nm and therefore 160615 
10 limes higher than the stiffness of the 1 mm reference sheet. The downstream section has an 
upstream end 30 and a downstream end 23 common with the downstream end of the .separator 
vane itself The upstream end 30 of the downstream section 29 is fixed to the downstream 
end 33 of an associated upstream section. The down.stream section has, at its upstream end, a 
thickness which is less than the thickness of the downstream end of the upstream section so 
15 that at the transition between the upstream section and the downstream section, there is a 

machine-wide step 32. The machine-wide downstream section is tapered in such a way that 
its thickness decreases linearly in the direction of flow of the stock and is preferably made of 
glass fiber reinforced epoxy resin having a modulus of elasticity of 25,000 MPa. The 
downstream section 29 has, at its upstream end. a thickness of 3.8 mm and the stiffness at the 
20 upstream end can be calculated as being about 1 17 Nm as stiffness is defined in the context of 
this patent appUcation. In order to achiever a good layer purity of the fibrous web, the 
thickness of the downstream section is made less than 0.7 mm at the downstream end of the 
downstream section. The thickness at the downstream end of the downstream section may be 
0.5 mm. with a maximum variation of 0.05 mm such that the thickness lies in the range 0.45 
25 mm - 0.55 mm. For good, layer purity, the surface smoothness, or value, of the downstream 
section is made to be smaller than 0.4 |j.m. 

With reference to FIG. 6, curve 3 shows the stiffness of a separator vane according to 
the second embodiment of the invention compared to the stiffness of a I mm thick reference 
sheet (or reference plate) of a polycaitonate material having a modulus of elasticity of 2100 
30 MPa. As can be seen in HG. 3, the separator vane composed of an upstream section of 

constant thickness and a downstream tapered section has, during a first part of its length (the 
upstream section which has a constant thickness), a constant stiffness. At the transition 
between the upstream section and the downstream section, there is an immediate reduction of 
the stiffness of the separator vane and as can" be seen in FIG. 6, the tapered downstream 
35 section has a gradually decreasing stiffness towards its downstream end. The average stiffness 
of this vane will be considerably higher than 180 times the stiffness of a 1 mm thick reference 
sheet of a polycarbonate material having a modulus of elasticity of 2100 MPa. In fact, the 
average stiffness of this separator vane, as stiffness is defined in the context of this patent 
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application, will be 20449 Nm. During at least 7/10 of the length of the vane, the stiffness 
will be higher than 57.1 Nm and therefore more than 280 times higher than the stiffness of the 
1 mm thick reference sheet of a polycarbonate material having a modulus of elasticity of 2100 
MPa which has a stiffness of 2.1 Nm. 

5 In both embodiments of the invention, the slice chamber 2 of the headbox is further 

provided with a plurality of machine- wide turbulence generating elements 25, 26, 27 as can be 
seen in FIG. 9. Each turbulence generating element is located in one of the separate flow 
channels formed either between the top wall 3 and a separator vane 20, 21, between two 
separator vanes 20, 21 or between a separator vane 20, 21 and the bottom wall 4. Each of the 

10 machine-wide turbulence generating elements extends in the direction of flow of the stock and 
each turbulence generating element has an upstream end 34 and a downstream end 28. The 
upstream end 34 of each turbulence generating element 25, 26, 27 is interposed between two 
vertically spaced rows of tubes in the tube bank and fixed baween said rows. 

The invention achieves that a multilayered fibrous web can be produced which has a 

15 good layer purity and a good coverage which assures that the layer purity will also be 

uniform. In addition, the fibrous web will have uniform strength properties across the web. 
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Claims 



1. A multilayer headbox for a papermaking machine comprising: 

a) a slice chamber having an upstream inlet where stock is intended to enter the slice 
5 chamber and a downstream outlet through which stock is intended to pass from the 

slice chamber to a subsequent forming section of the papermaking machine, the 
slice chamber having a straight main direction of flow of the stock from the inlet of 
the slice chamber to the outlet of the slice chamber, the slice chamber further 
having a top wall and a bottom wall, the top and bottom wall converging in the 
iO straight main direction of flow of the stock, 

b) a tube bank located upstream of the slice chamber in the direction of flow of the 
stock, the tube bank comprising a plurality of straight tubes and the tubes being 
arranged in separate vertically spaced rows, the rows extending in a cross-machine 
direction, each tube having an upstream inlet end into which stock is intended to 

IS enter the tube and a downstream outlet end from which stock is intended to pass . 

into the inlet of the slice chamber, the tube bank forming a passage through which 
stock is intended to pass from the upstream inlet end of the tubes to the inlet of the 
slice chamber, said passage having a straight main direction of flow of the stock 
which coincides with the straight main direction of flow of the stock in the slice 

20 chamber so that all the way from the upstream inlet end of the tubes to the 

downstream outlet of the slice chamber, the stock will flow in one and the same 
straight main direction of flow, 

c) in the slice chamber, at least one machine-wide separator vane subdividing the slice 
chamber for the production of multilayer flbrous webs, said at lest one separator 

25 vane extending in the direction of flow of the stock and having a thickness in the 

vertical dimension and an upstream end and a downstream end, said at least one 
separator vane having, from its upstream end to its downstream end, a decreasing 
thickness in the vertical dimension and, at its downstream end, a thickness in the 
vertical dimension which is less than 0.7 mm and said at least one separator vane 

30 having a stiffness in a cross machine direction which is, on average, at least 180 

times greater than the stiffness of a 1 mm thick reference plate having a modulus of 
elasticity of 2100 MPa and which, on 7/10 of its length from its upstream end to its 
downstream end has a stiffness in a cross machine direction which is ai least 35 
times greater than the stiffness of a 1 mm thick reference plate having a modulus of 

35 elasticity of 2100 MPa where stiffness is defined as 
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where S is separator vane stiffness, £ is modulus of elasticity of the separator vane 
material, h is separator vane thickness and v is the Poisson ratio for the material of 
the separator vane, 

d) in the slice chamber, a plurality of machine-wide turbulence generating elements 
S extending in the direction of flow of the stock, the turbulence generating elements 

having an upstream end and a downstream end, the upstream end of each 
turbulence generating element being interposed between the vertically spaced rows 
of tubes in a tube bank and fixed between said rows. 



10 2. A multilayer headbox according to claim 1, wherein said at least one machine-wide 

separator vane is made of glass fiber reinforced epoxy resin and is tapered all the way 
from its upstream end to its downstream end such that its thickness in the vertical 
dimension decreases continuously from its upstream end to its downstream end. 

15 3. A multilayer headbox according to claim 1 , wherein said at lea.st one separator vane is 
divided into an upstream section of constant thickness in the vertical dimension and a 
downstream section which is tapered such that its thickness decreases in the direction of 
flow of the stock and where the upstream section has an upstream end and a 
downstream end and the downstream section has an upstream end and a downstream 

20 end and where the upstream end of the downstream section is fixed to the downstream 

end of the upstream section and where the upstream end of the downstream section has 
a thickness in the vertical dimension which is less than the thickness in the vertical 
dimension of the upstream end such that, at the point where the upstream section is 
fixed to the downstream section, there is a machine-wide step. 

25 

4. A multilayer headbox according to claim 2, wherein said at least one machine-wide 
separator vane has a surface smoothness smaller than or equal to 0.4 |im. 

5. A multilayer headbox according to claim 3, wherein the downstream section has a 
30 surface smoothness smaller than or equal to 0.4 ^m. 

6. A multilayer headbox for a papermaking machine comprising: 

a) a slice chamber having an upstream inlet where stock is intended to enter the slice 
chamber and a downstream outlet through which stock is intended to pass from the 
35 slice chamber to a subsequent forming section of the papermaking machine, the 

slice chamber having a straight main direction of flow of the stock from the inlet of 
the slice chamber to the outlet of the slice chamber the slice chamber further 
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having a top wall and a bottom wall, the top and bottom wall converging in the 
straight main direction of flow of the stock, 

a tube bank located upstream of the slice chamber in the direction of flow of the 
stock, the tube bank comprising a plurality of straight tubes and the tubes being 
arranged in separate vertically spaced rows, the rows extending in a cross-machine 
direction, each tube having an upstream inlet end into which stock is intended to 
enter the tube and a downstream outlet end from which stock is intended to pass 
into the inlet of the slice chamber, the tube bank forming a passage through which 
stock is intended to pass from the upstream inlet end of the tubes to the inlet of the 
slice chamber, said passage having a straight main direction of flow of the stock 
which coincides with the straight main direction of flow of the slock in the slice 
chamber so that all the way from the upstream inlet end of the tubes to the 
downstream outlet of the slice chamber, the stock will flow in one and the same 
straight main direaion of flow, 

in the slice chamber, at least one machine-wide separator vane subdividing the slice 
chamber for the production of multilayer fibrous webs, said at lest one separator 
vane extending in the direction of flow of the stock and having a thickness in the 
vertical dimension and an upstream end and a downstream end, said at least one 
separator vane having, from its upstream end to its downstream end, a decreasing 
thickness in the vcnical dimension and, at its downstream end. a thickness in the 
vertical dimension which is less than 0.7 mm and said al least one separator vane 
having a stiffness which is, on average, at least 36 Nm and which for at least 7/10 
of its length has a stiffness of at least 7 Nm where stiffness is defined as 
S = Eh^/12{l-\r) 

where S is separator vane stiffness, E is modulus of elasticity of the separator vane 
material, h is separator vane thickness and v is the Poisson ratio for the material of 
the separator vane, 

in the slice chamber, a plurality of machine-wide turbulence generating elements 
extending in the direction of flow of the stock, the turbulence generating elements 
having an upstream end and a downstream end. the upstream end of each 
turbulence generating elemem being interposed between the vertically spaced rows 
of tubes in a tube bank and fixed between said rows. 
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